Purpose: A number of previous administrative-district-level baseline trachoma prevalence estimates in Zambia required verification. We used methodologies and systems for trachoma surveys considered to represent international best practice in order to generate reliable estimates of the prevalence of trachoma. Methods: Between March 2016 and July 2017, we undertook 32 population-based prevalence surveys covering 47 administrative districts. In each of the 32 evaluation units (EUs), we selected 31 households in each of 24 clusters. In selected households, trained, certified graders examined all residents aged 1 year and above for evidence of trachomatous inflammation-follicular (TF) and trichiasis. In eyes that had trichiasis, the presence or absence of trachomatous scarring (TS) was recorded, and the subject was asked about previous trichiasis management recommendations from health workers. Results: Five EUs (encompassing seven administrative districts) had prevalence estimates of trichiasis+TS unknown to the health system in ≥15-year-olds of ≥0.2%, and require publichealth-level implementation of trichiasis surgery services. Eleven EUs (encompassing 16 administrative districts) had TF prevalence estimates in 1-9-year-olds of ≥5%. Intervention with the A, F and E components of the SAFE strategy for trachoma elimination is required for nearly 1.5 million people. Conclusion: Trachoma is a public health problem in some parts of Zambia. The Ministry of Health will continue to partner with other stakeholders to implement the multi-sectoral SAFE strategy. Consideration should be given to re-surveying other suspected-endemic administrative districts in which surveys using older methodologies returned TF prevalence estimates ≥5%.
Introduction
Zambia was an enthusiastic supporter of the 1998 adoption of World Health Assembly Resolution 51.11, which called for the global elimination of blinding trachoma. 1 The country continues to support that goal, through active participation in the World Health Organization (WHO) Alliance for Global Elimination of Trachoma by 2020, 2, 3 and development of strategic plans to eliminate trachoma domestically. This article describes data generation exercises carried out in order to facilitate that planning process. Trachoma is a neglected tropical disease 4 caused by the ocular biovar 5, 6 of the intracellular bacterium Chlamydia trachomatis. It is common in populations that have inadequate access to water and sanitation. [7] [8] [9] [10] In Zambia, as elsewhere, such people tend to live in remote and rural areas, and to be very poor. Ocular C. trachomatis is transmitted in eye and nose secretions via fingers, fomites (such as face towels and clothing) and eye-seeking flies, 7 particularly between members of the same household. 16, 17 Infection may be associated with active (inflammatory) trachoma, which often meets the criteria for trachomatous inflammation-follicular (TF) and/or trachomatous inflammation-intense (TI), signs defined within the WHO simplified trachoma grading scheme. 18 Both ocular C. trachomatis infection and active trachoma are more common and more intense in preschool-age children, 19, 20 with immunological factors 21 and reduced exposure patterns possibly responsible for their lower prevalence in older individuals. Repeated episodes of infection and associated inflammation are needed for the development of significant conjunctival scarring (TS) and for the trachomatous trichiasis (TT) that, in some individuals, supervenes. 22 Mathematical modelling suggests that development of these two signs may require more than 100 and 150 C. trachomatis infections, respectively. 23 Blindness from trachoma is prevented using the SAFE strategy, [24] [25] [26] [27] which includes surgery for TT, antibiotics to clear infection, and facial cleanliness and environmental improvement to reduce transmission. 28 The S component of SAFE should be offered to anyone with TT. The A, F and E components of SAFE are administered to whole populations in which the TF prevalence in 1-9-year-olds is ≥5%. Programmatic planning for public-health-level approaches for reducing both the prevalence of TT and the prevalence of TF relies on prevalence estimates of these signs, which should be generated through population-based surveys. 29 In 2012, just prior to the launch of the Global Trachoma Mapping Project (GTMP), 30 prevalence surveys were undertaken in each of 65 administrative districts across all 10 provinces of Zambia (Figure 1 ). These surveys used a variety of approaches, 31 specifically cluster sampling to generate population-based prevalence estimates according to WHO guidelines, 32 and the thennewly-proposed integrated threshold mapping (ITM) methodology. 33 Some of the prevalence estimates that these surveys produced differed markedly from presurvey expectations. In particular, all nine surveyed administrative districts of Copperbelt Province, which was not historically understood to be trachomaendemic, had estimates of TF prevalence in 1-9-yearolds that exceeded 10% [unpublished Ministry of Health data]; the near-absence of trichiasis in adults examined in these districts as part of the same surveys could be interpreted as a pointer to recent introduction of trachoma to this population, or a need to reconfirm the TF prevalence estimates. The National Blindness Prevention Committee therefore recommended implementation of a further tranche of surveys in selected districts of Zambia.
Materials and methods
The survey methodology used was based on that of the GTMP, 34 as modified and refined by Tropical Data (www.tropicaldata.org). 35, 36 Our approaches were consistent with WHO recommendations for trachoma prevalence surveys.
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Survey teams
Each team was composed of a grader (Ophthalmic Clinical Officer or Ophthalmic Nurse), a recorder (Grade 12 school-leaver), a village guide and a driver. Graders, recorders and team supervisors (ophthalmologists) were trained using the standardized five-day training system detailed in the Tropical Data training manual. 38 Only participants who passed stringent tests of competency proceeded to take part in the surveys. 34 
Sample size
Surveys were powered primarily based on considerations relevant to TF prevalence, with trichiasis prevalence a secondary outcome. Planned sample sizes for each evaluation unit (EU) were consistent with guidance recently published by WHO. 39 We sought to have 95% confidence to estimate an expected TF prevalence of 4% with absolute precision of 2%, using a design effect of 2.63, and inflating the result by 20% to account for non-response. This meant that in each EU we needed to include at least the number of households in which 1164 1-9-year-olds would be resident, expecting to examine 970 of them.
Delineation of evaluation units and selection of clusters, households, and individuals
EUs, which were each composed of one or more administrative districts, were framed to encompass populations of roughly 100,000-250,000 people by either taking one administrative district per EU or combining two or more adjacent similar administrative districts. In each EU, 24 clusters (wards) were systematically selected using a probability-proportional-to-ward-size methodology. 32 In each selected cluster, 31 households were randomly selected, using compact segment sampling via random draw. In selected households, all residents aged 1 year or above were eligible to participate.
Fieldwork
Fieldwork was completed between March 2016 and July 2017. Provincial and district health offices facilitated community awareness and sensitisation exercises prior to planned survey team visits, using radio messages and community health workers (CHWs). CHWs then served as survey guides. Graders used 2.5× magnifying loupes and sunlight to examine all consenting household residents aged 1 year or above for signs of trachoma. Return visits were arranged to examine residents who were absent at the time of the primary visit.
Data management
Data were entered directly into Android smartphones running the Tropical Data app, a custom-built evolution of the LINKS Android smartphone data collection tool (Task Force for Global Health, Atlanta, GA, USA; https://linkssystem.org). 34, 40 At the end of each field day, the recorder uploaded data to the Tropical Data server using a secure, encrypted connection. The Data & Analytics Team checked and cleaned the data while field teams were still in the field; designated health ministry officials reviewed the cleaned data and approved analyses. 34 As previously described, these analyses included age standardization of TF prevalence estimates, age-and gender-standardization of trichiasis prevalence estimates, and generation of 95% confidence intervals for each prevalence estimate by bootstrapping, with replacement, the adjusted cluster-level proportions of each sign, over 10,000 replications. 34 Owing to current uncertainty over whether it is appropriate to define the trichiasis elimination prevalence threshold counting only those individuals in which TS is found in the same eye as the trichiasis-advanced by some authorities as a possible way to distinguish trachomatous from nontrachomatous disease 41 -we present here prevalence estimates for all trichiasis, all trichiasis unknown to the health system, and trichiasis+TS unknown to the health system, each in ≥15-year-olds.
Prevalence categories for TF and trichiasis were provided to the Global Atlas of Trachoma to facilitate planning and global surveillance. 42, 43 Ethical considerations
The University of Zambia Biomedical Ethics and Research Committee (reference number 009-03-16) and the London School of Hygiene & Tropical Medicine Research Ethics Committee (6319, 8355) approved the surveys. Provincial and district health offices and local leaders, such as ward councillors and village headmen, were informed and engaged. Survey teams obtained informed verbal consent to proceed from the head of each selected household and informed verbal consent for examination from adults. For examination of minors, the head of the household gave informed verbal consent. Consent was documented in the data collection tool. Examinees with active trachoma were given 1% tetracycline eye ointment to apply to both eyes twice daily for 6 weeks. Examinees with trichiasis were referred to the nearest appropriate health facility for management.
Results
The 32 surveyed EUs had an estimated total population of 5 Figures 2 and 3 display the EUlevel prevalence estimates generated by this tranche of mapping.
Eleven EUs (34% of EUs mapped, 16 districts, total population 1,473,707) had TF prevalence estimates in children of ≥5%. Eight EUs (12 districts, total population 986,620) had prevalence estimates of trichiasis unknown to the health system in adults of ≥0.2%, of which five EUs (seven districts, total population 618,204) had prevalence estimates of trichiasis+TS unknown to the health system of ≥0.2%. In these populations, trachoma is a public health problem, and interventions are needed.
Discussion
Control, elimination or eradication of a neglected tropical disease like trachoma are thought to deliver multiple benefits to endemic populations. Besides decreasing suffering from the targeted disease, the reduced morbidity that ensues plus the action of implementing control interventions each improves our collective likelihood of delivering results on a range of sustainable development goals. [44] [45] [46] In particular, accessing the remote communities in which trachoma is found establishes a beachhead for universal health coverage. Even without considering these knock-on effects, trachoma elimination is objectively cheap, 47 cost-effective, 48, 49 and likely to result in economic gains that significantly exceed the cost of programme implementation. 50, 51 In Zambia, after early pilot work, 52 Table 1 .) Later analyses suggested that the use of ITM carried some risk of district misclassification, 29 and in the present work, we reverted to the use of cluster-sampled, populationbased surveys. Our highly standardized, qualitycontrolled and quality-assured 36 methodologies are considered to provide highly reliable data 53 ; we believe, on this basis, that the prevalence estimates generated here supersede those produced in 2012.
Our teams mapped a total of 32 EUs covering 47 administrative districts (Table 1 ). In many of these districts, trachoma is still a disease of public health significance. Particular note is made of the two EUs containing Chilubi (Northern Province) and Nalolo and Senanga (Western Province), which had TF prevalence estimates of >10%. Chilubi is mainly an island administrative district and has different demographic characteristics to other administrative districts of the Northern Region. Nalolo and Senanga are adjacent to other administrative districts with known high burdens Table 1 . Number of ≥15-year-olds and number of 1-9-year-olds resident, examined, absent and refused in selected households; prevalence of all trichiasis; prevalence of all trichiasis unknown to the health system; prevalence of trichiasis+TS unknown to the health system; and prevalence of trachomatous inflammation-follicular (TF); by evaluation unit, trachoma prevalence surveys, Zambia, 2016-2017, with comparison to prevalence estimates from previous surveys, where available. of disease [unpublished Ministry of Health data]. For both of these EUs, implementation of the full SAFE strategy is now underway. In the EUs surveyed here, the prevalence of trichiasis+TS unknown to the health system was generally not markedly lower than the prevalence of trichiasis unknown to the health system. There were only two EUs (Mulobezi, Mwandi and Sesheke of Western Province; and Nakonde of Muchinga Province) in which decisions on whether or not to initiate public-health-level trichiasis surgery interventions would differ using these two metrics. Further data and global policy decisions are awaited.
Zambia is now better placed than ever before to eliminate trachoma. The government is strongly focused on health investment, which is seen to target socioeconomic development by stimulating individual, grass-roots productivity. 54 Implementation of SAFE, a comprehensive, multi-sectoral strategy, can catalyze development partnerships whilst offering primary, secondary and tertiary prevention against trachoma blindness. For many participating communities, previous opportunities to access quality-assured antibiotics and/ or modern surgery will have been limited prior to trachoma programme entry. Bilateral agencies and non-governmental organizations fund interventions against NTDs in Zambia 55 ; both political will and partner support are therefore in place. Parallel initiatives that may alleviate poverty and thereby reduce trachoma risk, including foreign direct investment (which seems to have greatest impact in poorer environments 56 ), social cash transfer 57 and rural electrification, 58 are also being pursued.
In health promotion and disease prevention programmes, community participation and empowerment 59 and implementation of a range of behaviour change techniques 60 are key. Zambia's recent re-commissioning of public health nurse and community health assistant training courses are likely to contribute to future trachoma elimination efforts.
Tremendous progress has been made against trachoma globally in the last few decades. 61 Zambia's Ministry of Health is encouraged to complete mapping for trachoma in the remaining districts of northwestern province, mobilize resources to implement the SAFE strategy where needed, and continue to lead and coordinate stakeholders keen to assist the country to eliminate trachoma as a public health problem nationwide. 
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